Abstract. Long noncoding RNA (lncRNA) has been indicated to have an important role in various types of malignant tumors; however, only a small number of lncRNAs have been entirely elucidated. In the present study, a novel lncRNA, actin filament associated protein 1 antisense RNA 1 (AFAP1-AS1), was investigated, which is highly expressed in non-small cell lung cancer (NSCLC). Reverse transcription-quantitative polymerase chain reaction and in situ hybridization were performed to detect AFAP1-AS1 expression in frozen tissues and tissue microarrays, respectively. The results revealed that the expression level of AFAP1-AS1 was significantly increased in tumor tissues, compared with the paired non-cancerous tissues. It was also determined that the AFAP1-AS1 expression level was higher in patients with lymph node metastasis than those without lymph node metastasis (P=0.014). Kaplan-Meier analysis was conducted to evaluate the overall survival of patients with NSCLC and different expression levels of AFAP1-AS1, and the results indicated that patients with high AFAP1-AS1 expression had a reduced survival time, compared with those with low AFAP1-AS1 expression (P=0.011). Cox regression analysis was also performed to analyze the prognostic value of lncRNA AFAP1-AS1. The obtained data demonstrated that lncRNA AFAP1-AS1 was an unfavorable prognostic biomarker for NSCLC (HR: 3.12, 95% CI (1.05-9.25), P=0.040). In conclusion, it was demonstrated that lncRNA AFAP1-AS1 is overexpressed in NSCLC and an unfavorable biomarker for patients with NSCLC.
Introduction
According to the cancer statistics for 2016, lung cancer was the leading cause of cancer-associated mortality in China (1) . In addition, it is difficult to diagnose patients with lung cancer at a very early stage, and tumor biomarkers for early diagnosis and metastasis identification are lacking (2) . Despite the improvement of treatments, the prognosis of non-small cell lung cancer (NSCLC) is still poor and the 5-year survival rate is only 11-15% (3, 4) .
Previous studies have confirmed the importance of non-protein coding genes in carcinogenesis and metastasis (5, 6) . Among those non-proteins coding RNAs, long noncoding RNAs (lncRNAs) have participated in a great extent of cancer biological processes (6) (7) (8) . lncRNA is a type of RNA without the ability of encoding protein and >200 nucleotides in length (9, 10) . According to the existing research results, the dysregulation of lncRNA serves a critical role in human cancers (5, 10, 11) . In lung cancer, a number of cancer-associated lncRNAs have been demonstrated to be biomarkers for metastasis or prognosis, including HOX transcript antisense RNA (HOTAIR) (12, 13) , metastasis associated long antisense transcript 1 (MALAT1) (14, 15) and colon cancer-associated transcript 2 (16) .
To identify functional lncRNAs, microarrays have been frequently utilized to investigate lncRNA expression in tumor tissues (17) . In a previous study, it was indicated that a lncRNA termed as actin filament associated protein 1 antisense RNA 1 (AFAP1-AS1) was significantly overexpressed in lung cancer, as demonstrated by microarrays (17) . Evidence has indicated that AFAP1-AS1 is associated with tumor cell migration and invasion (18, 19) . However, the prognostic role of AFAP1-AS1 has not been fully explored in NSCLC (20) . Therefore, the AFAP1-AS1 expression level was analyzed by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and in situ hybridization (ISH), and the prognostic value of AFAPA-AS1 was investigated.
Materials and methods
Patients and tissue samples. The study was approved by the Ethics Boards of the Cancer Institute of Jiangsu (Nanjing, China). The characteristics of analyzed patients are presented in Tables I and II . Lung cancer tissues and adjacent normal tissues were obtained from patients that received surgical resection of lung cancer from January 2012 to December 2015 at the Department of Thoracic Surgery, Cancer Institute of Jiangsu. A tissue microarray (TMA) cohort of 74 patients (55 males and 19 females), with a median age of 61.1 years, and a PCR cohort of 52 patients with NSCLC (30 males and 22 females), with a median age of 59.0 years, were included in the present study. The TMA cohort data was generated in 2015 and the PCR cohort data in 2016. The patient samples were obtained from the Cancer Institute of Jiangsu. All patients diagnosed with NSCLC who had never received any therapy prior to surgery were collected. Clinical data including age, sex, smoking history, stage, lymph node metastasis of these patients were collected from all patients. In addition, informed written consents were obtained from all patients included in the present study.
RNA extraction and RT-qPCR. Total RNA was extracted from tissue samples with TRIzol ® (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), following the manufacturer's protocol. PrimerScript RT Master Mix (Takara Biotechnology Co., Ltd., Dalian, China) was used to reverse transcribe RNA into a final volume of 20 µl. Then, RT-qPCR was executed using the SYBR ® Select Master Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.; cat. no. 4472908) with 0.5 µl cDNA on the QuantStudio™ 6 flex system (Applied Biosystems; Thermo Fisher Scientific, Inc.), according to the manufacturer's instructions. GAPDH were used as internal controls. The primers sequence are as follows: Forward, 5'-TCG CTC AAT GGA GTG ACG GCA-3' and reverse, 5'-CGG CTG AGA CCG CTG AGA ACT T-3' for AFAP1-AS1; forward, 5'-CCA CAT CGC TCA GAC ACC AT-3' and reverse, 5'-ACC AGG CGC CCA ATA CG-3' for GAPDH. The RT-qPCR reaction was implemented with the following conditions: 95˚C for 10 min, 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The expression fold changes were calculated by 2 -ΔΔCq methods (21, 22) . Every sample was performed in triplicate.
TMA and ISH analysis. TMAs included samples fixed with 10% formalin at room temperature for 24-48 h and embedded in paraffin from 82 pairs of NSCLC tissue and adjacent normal lung tissues, and were constructed by Shanghai Biochip Co., Ltd (Shanghai, China). After processing, unspotted slides from the TMA block were used for the ISH with probes for AFAP1-AS1 (Exiqon A/S, Vedbaek, Denmark). The TMA was placed in an oven at 60˚C for 1 h then stored overnight at 4˚C. Following that, slides were washed with xylene at 18˚C and rehydrated with 100% ethanol solutions at room temperature and then incubated with Proteinase-K (Nanjing KeyGen Co., Ltd., Nanjing China) for 7.5 min at 37˚C. Additionally, 1,000 nmol/l AFAP1-AS1 probe (Shanghai Bogoo Biological Technology Co., Ltd. Shanghai China) was used to hybridize slides in a SSC buffer (150 mM sodium chloride and 15 mM trisodium citrate) for 20 min at 50˚C. Afterwards, the slides were washed with SSC buffers (150 mM sodium chloride and 15 mM trisodium citrate). Following this, the slides were stained with 3,3'-diaminobenzidine horseradish peroxidase chromogenic liquid (Shanghai Bogoo Biological Technology Co., Ltd.) at room temperature for 15 min. Following washing, slides were ready for imaging. Visible colonies were counted using light microscopy and a fluorescence microscope at magnification, x40. The software used for analysis was Aperio ImageScope v11.1.2.752. (Leica Microsystems GmbH, Wetzlar, Germany). Following this, the slides were scored comprehensively according to size and intensity of the staining, as reported previously (23, 24) . Size: <10%, 1 point; ≥10%-<30%, 2 points; ≥30%-<50%, 3 points; ≥50%-<75%, 4 points; ≥75%, 5 points. Intensity: Soft red, 1 point; sandy beige, 2 points; claybank, 3 points; brown, 4 points; sepia, 5 points. The intensities were multiplied by the sizes and the scores were calculated by taking the normal lung tissue's score away from the NSCLC tissues' score. According to the final scores, the ASAP1-AS1 expression level was divided into high (score ≥1) and low (score <1). The evaluation was completed by two pathologists blinded to the patient's outcome and clinical characteristics. Statistical analysis. Data analysis was performed with SPSS 20.0 software (IBM Corp., Armonk, NY, USA). Paired Student's t-test, one-way analysis of variance (Bonferroni post-hoc test) and Spearman's rank test were applied to analyze the association between AFAFP1-AS1 expression and clinical characteristics. The variables associated with the prognostic values were tested with overall survival time as the endpoint in the univariate and multivariate analysis, which was conducted by Cox regression analysis. The hazard ratio (HR) and its 95% confidence interval (CI) were derived from these results. GraphPad (GraphPad Software, Inc., La Jolla, CA, USA) was used to produce the Kaplan-Meier survival curve. Data are presented as the mean ± standard error of the mean. P<0.05 was considered to indicate a statistically significant difference.
Results

AFAP1-AS1 is overexpressed in NSCLC tumor tissues and correlates with clinical characteristics.
Firstly, the AFAP1-AS1 expression level was analyzed via ISH in NSCLC tumor tissues. Subsequent to excluding 8 pairs for missing data (4 tumor tissues and 4 normal tissues), the expression of AFAP1-AS1 was compared between tumor tissues and normal tissues. As indicated, AFAP1-AS1 was significantly overexpressed in 56 lung tumor tissues, compared with paired adjacent normal lung tissues (P<0.001; Fig. 1A and B) . There was a positive correlation between AFAP1-AS1 expression and lymph node metastasis (P=0.007; Table I ; Fig. 1C ). However, there were no associations between AFAP1-AS1 expression and age, sex, smoking, histology or stage.
Following this, RT-qPCR was also performed in an independent cohort of 52 patients with NSCLC. AFAP1-AS1 was overexpressed in 77.0% (40/52) of patients with NSCLC, with mean upregulation of 8.65-fold (P=0.040; Fig. 2A) . Additionally, overexpression of AFAP1-AS1 was positively correlated with tissue differentiation (P=0.041; Table II ) and lymph node metastasis (P=0.014; Table II; Fig. 2B ).
Prognostic value of AFAP1-AS1 lncRNA expression in patients with lung cancer.
Kaplan-Meier survival analysis demonstrated that patients with low expression level of AFAP1-AS1 had an improved survival time (P=0.011; Fig. 3 ). To additionally explore the association between lncRNA AFAP1-AS1 and prognosis, Cox regression analysis was Table I . Association between lncRNA AFAP1-AS1 expression levels to clinical, biological and histo-morphological factors in the tissue microarray cohort. Table III) .
AFAP1-AS1 expression level ------------------------------------------------------
Discussion
Recently, a number of studies have demonstrated that lncRNAs serve an important role in cancer pathogenesis (20, 25) . Additionally, the association between lncRNA and tumor development and progression have been demonstrated (26, 27) . In addition, lncRNA has been indicated to be a novel biomarker for cancer diagnosis, prognosis and metastasis, and therefore have a therapeutic effect (6) . Notably, associations between lncRNAs, including HOTAIR and MALAT1, and human cancers have been previously reported (28) . Upregulation of HOTAIR in lung tumor tissues is associated with metastasis, drug resistance and poor survival time in patients with lung cancer (29) . Furthermore, HOTAIR has been indicated as a biomarker in lung cancer (12, 13, 30) . Additionally, high-expression of MALAT1 in primary tumors is a biomarker of metastasis and poor survival time (14, 15, 31) .
As indicated by the microarray data, AFAP1-AS1 was upregulated in lung cancer tissues, compared with relative normal tissues. In the present study, ISH and RT-qPCR was conducted to analyze the expression of AFAP1-AS1 in lung cancer tissues. Following this, the association between AFAP1-AS1 expression level and clinical characteristics was investigated. Statistical analysis revealed that the overexpression of AFAP1-AS1 was associated with lymph node metastasis. Furthermore, the high expression level of ASAP1-S1 also indicated poor survival time in patients with NSCLC.
The present study indicated that the overexpression of AFAP1-AS1 was notably associated with the poor survival time in patients with NSCLC. However, the precise mechanism underlying this effect remains unknown. Further experimental evidence is required to explore the mechanism underlying AFAP1-AS1 leading to poor outcomes. To conclude, it was demonstrated that the expression level of AFAP1-AS1 is upregulated in NSCLC and correlates with lymph node metastasis. High AFAP1-AS1 expression level indicated a poor prognosis for the patient with lung cancer. Therefore, AFAP1-AS1 could be a potential biomarker for predicting NSCLC progression and prognosis.
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